INTRODUCTION
The structure of liquid alloys has been extensively studied by X-ray, neutron and electron diffraction experiments /1 /. They are classified into three types:
I. Simple alloys
The structure of these alloys are well described by hard-sphere (HS) mixture model, since the repulsive interactions between ions play important roles.
II. Phase-separating alloys
These are characterised by a strong clustering tendency and a miscibility gap in their phase diagram.
The attractive interaction between like ions is stronger than that between unlike ions. Typical examples are Li-Na and Na-Cs alloys.
III. Compound-forming alloys
These are characterised by a strong chemical shortrange order. The strong attractive interaction between unlike ions is important and is taken into account by the Coulomb (or screened Coulomb) interaction in the ionic model /2/ or by the existence of chemical complexes in the compound-forming model /3, 4/. A typical example is Li 4 Pb alloy.
There are three types of partial structure factors which have often been used to describe the structure of liquid alloys. They are proposed by Faber and Ziman (FZ) /5/, Ashcroft and Langreth (AL) /6/ and Bhatia and Thornton (BT) /7/. The FZ and AL partial structure factors are related to the density correlation functions between like and unlike chemical species. On the other hand, BT partial structure factors are based on the correlation functions between the number and the concentration. Since the BT partial structure factors contain the concentration as a variable, these are the most convenient partial structure factors for the discussion of the concentration fluctuation in liquid alloys. In fact, they strongly reflect the ordering character of liquid alloys and are also closely related to thermodynamic quantities /8, 9/.
The purpose of the present paper is to review recent theoretical studies on the concentration fluctuation in liquid alloys. The paper is divided as follows: In section 2, the concentration-concentration structure factor is defined and related to the observable quantities. In section 3, the interatomic potentials used are described. The ordering potential is defined and its physical meaning is discussed in section 4. The approximate theoretical methods are described and the results obtained by applying them to the liquid Li-Na alloy are shown in section 5. The results of the computer simulation are shown in section 6. Finally, a summary is given in section 7.
CONCENTRATION-CONCENTRATION STRUCTURE FACTOR
Let us consider an alloy A C B!_ C of N, atoms of type 1(A) and N 2 atoms of type 2(B) in a total volume V. The total particle number is Ν = N! + N 2 and the total particle number density is η = N/V. The partial number densities are given by nj = Nj/V = c,n, where Ci = c and c 2 = 1 -c are the concentrations.
The BT partial structure factors are defined by: The experimentally observable quantity, i.e. the scattering intensity, can be written by the linear combination of the partial structure factors. The coherent neutron scattering intensity I(q), that we are concerned with here, is given by 
In Fig. 1 we show Scc(q) obtained in such a way for three zero alloys /10/; Lio.6iNa 0 . 3 (ii) For the compound-forming alloy, Scc(q) is small in the low q region and it shows large oscillation, in particular the first peak is very sharp and high, (iii) For the 'ideal' alloy or the simple alloy, Scc(q) -1 for the whole q range.
In the long-wavelength limit, i.e. q -* 0, the BT partial structure factors are related to the thermodynamic quantities /7/: (10) where Ε is the EMF, F is the Faraday constant and ζ the valence of the common material in the cell. The EMF measurement is easier than the neutron scattering experiment and, moreover, is not restricted to the zero alloy. For this reason, it is possible to obtain S(x(0) as a function of the concentration and we show two examples, Na-Cs /12/ and Li-Pb /13/ alloys, as well as the curve for the ideal mixture in Fig. 2 . Since In the theoretical treatment of the structure of liquid alloys, the interatomic potentials are the most important basic quantities. The hard-sphere (HS) model has been used to describe the structure of liquid metals and alloys for many years. Though the HS model simulates well the repulsive part of the interatomic potentials, it cannot take account of the attractive part of them. Therefore, the HS model is suitable only for simple liquid metals and alloys and is not satisfactory for describing the structure of non-simple alloys such as phase-separating and compoundforming alloys. In this section we describe the interatomic potentials of the hard-sphere-Yukawa model and those based on the first-principles pseudopotential calculation.
Hard-sphere-Yukawa (HS Y) Model
The HSY model is characterised by the interatomic potentials composed of the hard-sphere part and of the Yukawa tail: In the following we employ the simple HSY model proposed by Waisman /14/, in which the hard-sphere diameter, the number densities and the concentrations of species 1 and 2 are the same, i.e. σι = σ 2 = a, nj = n 2 = n/2 and Ci = c 2 = 1/2. The interatomic potentials are given by s cc(0) = c(l -c) for the ideal mixture, S cc (0) > c(l -c) implies the phase-separating tendency (Na-Cs) and S cc (0) < c(l -c) implies the compound-forming tendency (Li-Pb). Strictly speaking, the Na-Cs alloy does not show phase separation, although it has a strong phase-separating tendency, so that S<x(0) remains finite. On the other hand, the Li-Na alloy shows phase separation and S<x(q) diverges in the long-wavelength limit as is seen from Fig. 1 .
i+j Aexp(-«r)/r r > σ (12) where Ay in Eq. (11) is written as Ay = -(-1) 1+J A in Eq. (12) and A > 0 for the phase-separating alloys.
Pseudopotential Theory
The effective interatomic potentials vy(r) are given, in the pseudopotential theory, by
where Vj(q) is the electron-ion pseudopotential, z; the valence and e(q) the dielectric function. The first and the second terms in Eq. (13) represent, respectively, the direct Coulomb interactions between ions and the indirect interactions between ions via the conduction electrons. The pseudopotentials and the dielectric function depend on the system; the former depend on the ion and the latter depends on the density of the conduction electrons. Moreover, the dielectric function depends also on the approximation.
When we applied the pseudopotential theory to the liquid Li-Na alloy, we used the Ashcroft potential /15/for Na, 
where Vj^ir) is the full Hartree field corrected for core-valence exchange and correlation in a local density approximation and the second term, having a δ-function form, is applicable to s waves only. Though this is a local potential, it has nonlocality in the sense that s waves see the different potential from other waves, the amplitudes of which vanish at the origin.
In Fig. 4 we show the effective interatomic potentials for Li 0 .6iNa a39 alloy at 590 K. In this cal- S NC (q) < Scc(q), SNN(q) (17) and that the direct correlation function Cjj(r) can be written as Cij(r) = -Vij(r)/kBT (18) Equation (18) is correct in a large r region, while Eq. Then we further calculate Scc(q) by approximate methods or by computer simulation.
(ii) When we start from a model such· as the HSY model, we can determine the parameters in the model by fitting v or( j(r) of the model with the experimental one. Then we calculate S(x(q).
In Fig. 6 we compare the theoretical ordering po- The results obtained by applying (1), (2) and (3) to Li0.6i Na0.39 are shown in this section and those obtained by (4) are shown in the next section.
Analytic Theory
The most widely used analytic theory is the meanspherical approximation (MSA). For the simple HSY model described in section 3.1, Waisman /14/ obtained the analytic solution.
In the MSA, we have the following boundary con- 
Waisman formulated the analytic solution of Eqs. (26), (27) and (28).
In Fig. 8 we compare S<x (q)lc1c2 obtained by the MSA to that of the neutron diffraction experiment for Li0.6iNa0.39 at 590 K. In this calculation we /21/ employed the same parameters as those used in Fig. 7 . We see that the characteristic features of the experimental Scciq) are we ll reproduced by the HSY model in the MSA.
Perturbation Theory
There are many kinds of perturbation theories (see /8/) but the random-phase approximation (RPA)
is the simplest of them. In the RPA we treat the tail part of the interatomic potentials perturbationally. 
c t
In Fig. 9 we illustrate Vjj (r) and v^ (r) obtained in this way from Vjj(r) of Fig. 4 . Next, we replace the 
Integral-equation Theory
The well-known integral-equation theories are + Enk/hikCOckjO^ -r,' \)άί (35) k must be solved. We used Gillan's algorithm /26/ to solve these equations numerically. In Fig. 11 the HNC result /27, 28/ of S(x(q)/cic 2 is compared with the experimental one. The agreement is substantial, particularly for q < 2A" 1 . Over this range, the theory reproduces quite well the divergence around the origin as well as, in shape, size and position, the minimum at q = 1.2 A" 1 . In Fig. 12 we /28/ show S^q), SccCl) SncC^)· Should be noted that SjMc(q) is quite small over the whole range. Therefore, the assumption employed by Copestake et al. mentioned in section 4 is shown to be reasonable for this Li-Na alloy. 
COMPUTER SIMULATION
Recently, two computer simulations, the molecular dynamics and the Monte Carlo methods, have been extensively used to study the structure of liquid metals and alloys. We /29/ have employed the molecular dynamics (MD) method, where the interatomic potentials acquired from the pseudopotential theory are input data. Although no approximation is involved in the molecular dynamics calculation, the accuracy is limited by the effects of the finite size of the system. The parameters used in our MD simulation for Li 0 61 Na 0 .39 are as follows: the total number of atoms Ν = 256 (156 Li and 100 Na atoms); the system is a cube L χ L χ L, where L = 20 A, and the periodic boundary condition is employed; the interatomic potentials are the same as those shown in Fig. 4 and the force range is L/2 = 10 A; the temperature is 590 K.
In Fig. 13 we show the partial radial distribution functions gjj(r). Since the system used in the MD simulation is a cube with L = 20 A, the g,j (r) are available for r < L/2 = 10A. It can be seen that the first peaks of gLiLi(r) and gNaNa( r ) are higher than that of gLiNa(r), which suggests that homo-coordination is dominant in this system. This is a characteristic feature of a phase-separating system. Note that, for hetero-coordinating systems such as molten salts, the first peak of gjj(r) for unlike pairs is higher than that for the like pairs; see e.g. Edwards et αϊ. /30/ for molten NaCl. sonably with each other. Since we used the same interatomic potentials for the MD and the HNC calculations, the difference between the MD and the HNC results measures the accuracy of the HNC approximation. We have to be careful, however, because the SCc(q) is not directly attainable by the MD simulation.
As already indicated, we need Fourier transform of the gjj(r), which are available only in the finite range.
Therefore S(x(q) is less accurate than gjj(r) in the MD calculation. Moreover, we are working with a finite system, where Ν = 256, so that our MD results are not 'exact' for this reason also.
SUMMARY
Recent theoretical studies on the structure of liquid alloys are briefly reviewed in connection with an example of a phase-separating Li-Na alloy.
In sections 2, 3 and 4, the importance of the concentration-concentration structure factor, the interatomic potentials and the ordering potentials is emphasised in relation to the ordering character of alloys. In Although only one specific example, liquid Li 0-6 iNa 0 .39 alloy, is discussed in this paper, the theoretical concepts and the methods described can be used, of course, for understanding the structural properties of other liquid alloys.
